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ABSTRACT

A general framework for forecast verification based on the joint distribution of forecasts and observations is
described. For further elaboration of the framework, two factorizations of the joint distribution are investigated:
1) the calibration-refinement factorization, which involves the conditional distributions of observations given
forecasts and the marginal distribution of forecasts, and 2) the likelihood-base rate factorization, which involves
the conditional distributions of forecasts given observations and the marginal distribution of observations. The
names given to the factorizations reflect the fact that they relate to different attributes of the forecasts and/or
observations. Several examples are used to illustrate the interpretation of these factorizations in the context of
verification and to describe the relationship between the respective factorizations.

Some insight into the potential utility of the framework is provided by demonstrating that basic elements
and summary measures of the joint, conditional, and marginal distributions play key roles in current verification
methods. The need for further investigation of the implications of this framework for verification theory and
practice is emphasized, and some possible directions for future research in this area are identified.

1. Introduction

Forecast verification is the process and practice of
determining the quality of forecasts, and it represents
an essential component of any scientific forecasting
system. As such, forecast verification serves many im-
portant purposes. These purposes include assessing the
state of the art of forecasting and recent trends in fore-
cast quality, improving forecasting procedures and ul-
timately the forecasts themselves, and providing users
with information needed to make effective use of the
forecasts.

Meteorologists have devoted considerable attention
to forecast verification, in terms of both the develop-
ment of verification methods and the application of
these methods in operational and experimental con-
texts (e.g., see Daan, 1984; Murphy and Daan, 1985).
Verification measures have been formulated with a va-
riety of purposes in mind and for a multitude of dif-
ferent situations. Here, the term “situations” relates
to considerations such as the nature of the underly-
ing variable (continuous/discrete, ordered/unordered,
bounded/unbounded), the climatological likelihood of
occurrence of relevant events (frequent/infrequent),
and the type of forecast (categorical/probabilistic). As
a result, verification measures have tended to prolif-
erate, with relatively little effort being made to develop
general concepts and principles, to investigate the re-
lationships between measures, or to examine their rel-
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ative strengths and weaknesses. This state of affairs has
impeded the development of a science of forecast ver-
ification and undermined the utility of many verifi-
cation concepts and methods.

A need exists for a general framework for forecast
verification. To be useful, such a framework should
(inter alia) (i) unify and impose some structure on the
overall body of verification methodology, (ii) provide
insight into the relationships among verification mea-
sures, and (iii) create a sound scientific basis for de-
veloping and/or choosing particular verification mea-
sures in specific contexts. Moreover, such a framework
should minimize the number of distinct situations that.
must be considered. The primary purpose of this paper
is to describe a framework that appears to meet many
of these goals. :

The basis for the framework for verification de-
scribed here is the joint distribution of forecasts and
observations, which contains all of the relevant infor-
mation. This basic distribution is defined in section 2
and specific examples involving discrete and contin-
uous variables are presented. Section 2 also contains a
discussion of the relationships between the properties
of the joint distribution and the quality of forecasts. In
section 3, we describe two factorizations of the joint
distribution, each of which leads to a distinct approach
to forecast verification. The calibration-refinement
factorization involves the conditional distributions of
the observations given the forecasts and the marginal






